Introduction
Growth models emphasizing the constraint placed on a country"s growth rate by the need to satisfy balance-of-payments equilibrium in the long run have become a forceful approach to the study of long-run growth in a Keynesian demand-oriented context. The resulting theory of "Balance-of-Payments-Constrained (BOPC) growth" focuses on the relative income (or growth rate) adjustments required to balance trade at given real exchange rates. Basically, the theory of BOPC growth postulates that the balance of payments position of a country is the main constraint on its growth rate, since it imposes a limit on demand to which supply can (usually) adapt. As a result, observed differences in growth performance between countries are associated with the relative strength of their balance of payments position. According to Thirlwall (1979) , if we assume that real exchange rates are constant (or vary quite negligibly) and that trade must be balanced in the long run, there is a very close correspondence between the growth rate of output and the ratio of the income elasticity of demand for a country"s exports to the income elasticity of the country"s imports times the rate of world income growth. This result became known in the literature as "Thirlwall"s Law", hereafter TL. Since then, the BOPC growth framework has been considerably expanded on both theoretical and empirical directions.
On the theoretical front, for instance, Thirlwall and Hussain (1982) soon extended the model to allow for imbalanced trade with capital flows in the long run. However, the inclusion of capital flows in this model did not treat in an appropriate way the dynamics of accumulated external debt and the corresponding interest payments. Later on, McCombie and Thirwall (1997) , Moreno-Brid (1998-99) and Barbosa-Filho (2001) incorporated restrictions in the models to ensure that the economy"s long-run growth is consistent with a sustainable path of foreign indebtedness. Intuitively, an implied relevant conclusion of these extensions was that capital flows cannot allow an individual country to increase its growth rate above that given by TL by very much or for very long.
Introducing the idea that structural change may affect the income elasticities of imports and/or exports configures another branch of recent theoretical contributions to BOPC approach (Thirlwall, 1997; Setterfield, 1997; McCombie and Roberts, 2002; Palley, 2002) . As differences in the income elasticities of demand for exports and imports are attributed to nonprice characteristics of goods, the BOPC approach recognizes the importance of supply factors and, therefore, the structure of production in the determination of long-run growth rates. As pointed out by Carvalho and Lima (2008) , income elasticities associated with trade balance have a Janus-like nature: while on the one hand, they are determinants of aggregate demand, on the other hand, they are also a reflection of a variety of supply factors that influence the structural competitiveness of the economy in world markets. Araujo and Lima (2007) , meanwhile, developed a BOPC model for a multisectoral economy in which demand varies over time at particular rates in each one of the sectors. The resulting "Multisectoral Thirlwall"s Law", as they dubbed it, and hereafter MSTL, asserts that a country"s growth rate of per capita income is directly proportional to the growth rate of its exports, with such proportionality being inversely (directly) related to sectoral income elasticities of demand for imports (exports). These elasticities are weighted by coefficients that measure the share of each sector in total exports and imports, respectively. Therefore, a major implication of the MSTL is that changes in the composition of demand or in the structure of production, which are not reflected in changes in income elasticities but come through changes in the share of each sector in aggregate exports or imports, also do matter for economic growth. Given the income elasticities of exports and imports, TL implies that a country"s growth rate will rise only when the growth rate of world income increases, whereas the MSTL implies that a country can still raise its growth rate even when such a raise in growth of world income does not occur, provided it is able to change the sectoral composition of exports/imports accordingly (Araujo and Lima, 2007, p. 767) . 1 As will be explored in the empirical part of this paper, one advantage of this multisectoral approach is that it allows for the identification of key strategic sectors of the economy as far as the prospects for growth (with balance-of-payments equilibrium) are concerned.
On the empirical front, there have been several tests of the BOPC growth approach using different econometric methodologies. For instance, Alonso and Garcimartín (1998-99) , Andersen (1993) , Christopoulos and Tsionas (2003) , McCombie (1997), and Thirlwall (1979) have all found supporting evidence for samples of developed countries, while Bairam and Dempester (1991) , Perraton (2003) , and Thirlwall and Hussain (1982) The remainder of this paper is organized in the following way. The next section provides a brief presentation of the MSTL, while Section 3 describes our database and presents the techniques used to obtain the econometric results to be discussed in Section 4. The paper then closes with concluding remarks in the final section.
Multisectoral Thirlwall's Law: a brief presentation
Araujo and Lima (2007) developed a BOPC model for a multisectoral economy in which demand varies over time at particular rates in each one of the sectors of two countries. 2 Let A denote the advanced country and U the underdeveloped country. Both countries are assumed to produce n-1 consumption goods. The physical and monetary flows of commodities in country U can be summarized by three conditions, along with the solution for the system of physical and monetary quantities: the full employment condition, full expenditure of national income and trade balance equilibrium. The full employment condition can be stated as:
2 Given its nature, this section draws extensively on Araujo and Lima (2007 ....n-1. The former refers to domestic demand and the latter refers to foreign demand.
Meanwhile, ni a are the production coefficients of consumption goods, which represent quantities of labor employed in each sector. The household sector in country A is denoted by n and the population sizes in both countries are related to each other by the coefficient of proportionality . The condition for full expenditure of national income can be expressed as:
where î n a is the per capita import demand coefficient for commodity i produced in country A.
The trade balance equilibrium is given by:
An important property of the model, as pointed out by Araujo and Lima (2007) , is that the trade balance equilibrium can be written not in terms of prices, as is usual, but in terms of labor coefficients: coefficients ni a weight both the export and import demand coefficients for commodities i.
The solution of the system for physical quantities can be stated as:
where i X is the amount of production of commodity i and n X is the population of country U. Thus, the physical quantity of each tradable commodity that is produced in country U will be determined by the sum of foreign and domestic demands. With i p being the price of commodity i in country U, and u w the (uniform) wage rate, the set of solutions for prices are:
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Equation (5) 
In equation (9) , we obtain its dynamic version:
Let us assume that the rate of change of price of commodity i is equal in both countries, that is UA ii   , and that^0 gg , which means that the population in both countries remains constant. In this case, equations (9) and (10) 
Only one of the two above equations is valid. In order for the equilibrium in the balance of payment to be maintained, it is necessary that the rate of change of equation (3) 
By substituting equations (11) and (12) into equation (14) we obtain, after some algebraic manipulation:
Equation (15) shows the relationship between the growth rate of per capita income in countries U and A. Let us define  as:
A situation of uneven development will follow in the case of 1  , which implies that per capita income of the advanced country grows at a higher rate than the per capita income of the underdeveloped country. It can be shown that 1  if and only if:
This inequality holds if the share of consumer expenditures in A for U goods is smaller than the share of consumer expenditures in U for A goods, a phenomenon that could be explained by the so-called Engel"s Law.
By summing over equation (11) and after some algebraic manipulation, we obtain:
Substituting equation (18) in equation (15), we obtain:
Equation (19) can be seen as a multisectoral version of what Thirlwall (1979) called the "balance-of-payments equilibrium growth rate", which led Araujo and Lima (2007) to call it the "Multisectoral Thirlwall"s Law". Equation (19) asserts that a country"s growth rate of per capita income in country U is directly proportional to the growth rate of its exports, with such proportionality being inversely (directly) related to sectoral income elasticities of demand for imports (exports). These elasticities, in turn, are weighted by coefficients that measure the share of each sector in total exports and imports, respectively. Therefore, a major implication of the MSTL is that changes in the composition of demand or in the structure of production, which are not reflected in changes in income elasticities but come through changes in the share of each sector in aggregate exports or imports, also matter for growth. Given the income elasticites of exports and imports, TL implies that a country"s growth rate will rise only when the growth rate of world income increases, whereas the MSTL implies that a country can still raise its growth rate even when such a raise in growth of world income does not occur, provided it is able to change the sectoral composition of exports and/or imports accordingly.
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Data and Methodology
Data description
Given that the ambition of this paper is to provide a broad empirical evaluation of the MSTL, once "corrections and addictions are made to the COMTRADE data for trade flows to and from United States, exports from Hong Kong and China, and imports into many other countries" using WTF database improves the data quality (Feenstra et al., 2005, p. 1) . Third, Hidalgo et al. (2007) have already made available a correspondence table between 4-digit SITC revision 2 and Leemer"s Classification.
3 Table 1 presents the 10 aggregates formed by Leemer (1984) from the 61 2-digit SITC commodity classes. Besides these 10 aggregates, we created the aggregate Others to include not classified information.
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The other variables used in the estimations are individual gross domestic products (GDP) and per capita GDP growth rates, world gross domestic product (GDPW) and individual real exchange rates (RER). To have as large a sample size as possible, real exchange rates are defined as the product between the average official exchange rate (national currency/U.S. dollar) and the ratio of the implicit U.S. GDP deflator to the countries"s GDP deflator. All these variables come from the World Development Indicators (WDI). n.e.s.: not elsewhere specified Source: Leemer (1984, p. 62) After merging information from WTF and WDI databases, we got a sample of 90 countries over the period . Moreover, as the panel data estimators discussed in the next section have their asymptotic results derived for N  and T fixed, the estimations were carried out using 5-year averages to minimize non-stationarity problems.
Estimation Techniques
The basic panel data model, also known as a linear unobserved effects model, can be specified as follows:
where it x is the vector of observable explanatory variables and the error term consists of an idiosyncratic disturbance with conventional properties, it u , and an unobservable individual specific time-invariant effect, i c , while, i e t are cross-section and time indices, respectively.
Estimating a panel data model using a pooled ordinary least squares (POLS) estimator is consistent and efficient only under the assumption that the model does not have an individual effect. If the model is generated by a data process like the one described by equation (20), endogeneity problems due to the individual specific effect may be avoided by fixed effects (FE) or random effects (RE) estimators.
An FE estimator should be used to estimate the model given by equation (20) E c x  . In this case, there are two ways to eliminate the endogeneity problem and to obtain a consistent estimator: first differences or time demeaning. The former method consists in running an OLS regression in the variables in first difference. The latter method, also called within or fixed effect transformation, involves running an OLS regression once the time demeaning has been carry out. Another way to circumvent the endogeneity problem due to individual effect is using the least squares dummy variables (LSDV) which consist in estimating equation (20) by OLS including a dummy variable for each cross-section unit.
Assuming that individual effects and observable explanatory variables are not correlated, i.e.  
|0
i it E c x  , the model should be estimated by an RE estimator since under this assumption the estimator is consistent and efficient. It should be noted that if the hypothesis of no correlation is valid, both POLS and FE estimators are also consistent, but inefficient due to serial autocorrelation generated by the individual effect term. The RE estimator involves estimating equation (20) by generalized least squares (GLS) since the structure of the covariance matrix is already known for this model.
Since the choice between FE and RE estimators depends on the assumptions underlying them, Hausman (1978) proposed a test to evaluate this hypothesis. The Hausman statistic, which follows a qui-squared distribution   2  , is given by:
The null hypothesis is 0 :0 HH  , which implies  
i it E c x  . Therefore, rejection of the null hypothesis means that only the FE estimator is consistent and, thus, should be used.
Under 0 H , both estimators are consistent, but the RE is the efficient one and, then, should be used.
A test for the presence of individual effects in equation (20)  are, respectively, the income and price elasticities of demand for imports of sector j and the income and price elasticities of demand for exports of sector j. The estimations were made individually for each one of the sectors. However, as sectoral price indices are not available for our sample, it is not possible to compute sectoral real exchange rates or sectoral terms of trade (which, in theory, might be more suitable to the estimation of sectoral export and import demand functions). Therefore, the overall real exchange rate was used as a proxy for the sectoral real exchange rates.
A proxy variable must comply with two formal requirements in order to eliminate, or at least mitigate, the omitted variable bias (Wooldridge, 2001, p. 63) . First, the proxy variable should be redundant in the structural equation. Therefore, if z is the proxy variable (overall real exchange rate) and q is the unobserved variable (sectoral real exchange rate), the following condition must be satisfied:
Condition (24) means that z is irrelevant for explaining y, in a conditional mean sense, once x and q have been controlled for. This condition is often satisfied and, for this specific case, it is reasonable to assume that, once controlled for sectoral real exchange rate, overall real exchange rate is not relevant to explain sectoral demand for exports and imports. The second requirement of a good proxy is that the correlation between the omitted variable q and each xj must be zero once we partial z out. Expressing this requirement in terms of linear projection:
In the demand functions, besides the exchange rate variable, there is only domestic income in the case of imports and world income in the case of exports. Therefore, to satisfy the second requirement is necessary that, once eliminating the effect of the real exchange rate on the other variables, the correlation between the sectoral real exchange rate and income variables is zero. Though there is evidence that the real exchange rate is relevant to economic growth (Rodrik, 2008; Razmi et al., 2009) , it is reasonable to assume that a specific sectoral real exchange rate does not matter for the determination of output once it is controlled for the overall real exchange rate. As a result, we assume in the empirical exercises that follow that the overall real exchange rate is a good proxy for the sectoral real exchange rates.
Though we estimated equations (22) and (23) for each sector using the three estimators Petroleum has a differentiated demand structure given its singular importance as energetic resource, which is reflected in its considerably higher income-elasticity (2.09) in relation to other products mostly based on natural resources. Labor Intensive sector has elasticity at same level as Petroleum (2.16), and even higher than Capital Intensive sector (1.54). Machinery and Chemical sectors also have high elasticities (2.38 and 1.64, respectively), with the former"s elasticity being the highest among all sectors but Others (3.27). However, note that sector Others has almost a null impact on the MSTL growth rate because its share in exports composition is negligible (recall that this sector is formed by not identified information, cf.
footnote 4).
The estimation results for the import demand functions also showed significant income elasticities having the expected sign for all sectors. Among products mostly based on natural resources, Cereals, Tropical Agriculture and Petroleum have income elasticities lower than one (0.89 and 0.75, respectively) and Animal Products, Raw Materials and Forest Products have income elasticities slightly higher than one (1.13, 1.13 and 1.11, respectively).
Meanwhile, Labor Intensive products have an income elasticity (1.55) which is higher than the one for Capital Intensive products (0.92). Machinery and Chemicals income elasticities are, respectively, 1.47 and 1.29. Expectedly, the income elasticity of imports of sector Others is lower than the corresponding income elasticity of exports, as there is less not identified information for imports than for exports (Feenstra et al., 2005) .
Non-parametric analysis and regression test
Having estimated the sectoral income elasticities, we computed the weighted income elasticities of exports and imports. We then used equation (19) to compute the growth rate predicted by the MSTL for each country of our sample, with Table 3 reporting the results. As can be seen by inspecting Table 3 , the correspondence between the actual growth rates and those predicted by the MSTL varies among different groups of countries. The last column shows the absolute deviation between actual per capita growth rate and the predicted one.
When we analyze results in Table 3 by income level we note that the average per capita GDP growth rate of the high income non-OECD countries is 3.99, while the average growth rate predicted by the model is 2.75. These figures for the high income OECD countries are, respectively, 2.76 and 3.37. The average per capita GDP growth of the lower middle income countries is 1.88, of the upper middle income is 2.08 and of the low income is -0.04.
Meanwhile, the growth rates given by the MSTL for these groups are, respectively, 1.79, 1.83 and 1.47.
The average absolute deviation for the whole sample (1.26) can be considered relatively low (recall that, like the TL, the MSTL does not include terms of trade and capital flows). Only for the low income and high income non-OECD groups the average absolute deviations (1.67 and 2.11, respectively) are higher than the overall one. The OECD group has the lowest average absolute deviation, followed by the low middle income (1.04) and upper middle income (1.10) groups. Note that, when we compute the average absolute deviation excluding countries with negative growth rates over the period (a result not predictable by the MSTL if the growth of world income is positive 6 ) the average absolute deviation for the upper middle income (0.91), the low middle income (0.98) and the low income (0.63) groups all become lower than one (a residual which is mostly explained by movements in terms of trade and capital flows, both not considered in the derivation of the TL and the MSTL).
The first parametric test to evaluate how close to the actual growth rate is the growth rate predicted by TL was proposed by McGregor and Swales (1985) . They suggested that the predictive power of the BOPC growth model could be measured by regressing the actual growth rate on the predicted growth rate and testing whether the slope is equal to unity and the constant term is equal to zero. If these two conditions were satisfied, then we could conceive of the latter as a good estimate of the former. Yet McCombie (1989) pointed out two shortcomings of the test proposed by McGregor and Swales (1985) . First, as the predicted growth rate is derived from prior estimated coefficients, it is more appropriate to rather regress it on the actual growth rate to avoid a misspecification analogous to "measurement errors in variables". Second, outlier countries running huge payments surpluses may lead to rejection of the model for all individual countries, yet it is necessary only a few countries not to be balance of payments constrained for all the rest to be so. An analogous result could emerge if the sample of countries under consideration were not completed in the sense that their balance of payments surpluses or deficits would not cancel out. These shortcomings led McCombie (1989) to suggest the following alternative test that could be applied to individual countries. First, it is necessary to define the hypothetical income elasticity of demand that exactly equates the actual and the balance-of-payments growth rate given by TL. Then, if this elasticity and the estimated one are not statistically significantly different, the predicted growth rate is a good predictor of the actual growth rate. Unfortunately, though, this test is not applicable to the MSTL as it is not possible to compute the hypothetical sectoral elasticities to be tested with the estimated ones. Hence, even being aware of the shortcomings of the regression test, we believe that its application to the MSTL provide useful preliminary results. (1985) to the estimated MSTL. As it is not possible to reject that the slope coefficient is equal to unity and the constant term is equal to zero, the results provide preliminary evidence that the growth rate predicted by the MSTL is actually a good predictor of the actual growth rate.
These results do not change if we leave out of the sample countries with a negative average growth rate (which is, as noted above, a result incompatible with the MSTL if the growth rate of the world economy is positive). The same result is illustrated in Figure 1 , in which it can be seen that the 45 degree line is located in the region of the regression confidence interval. 
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Concluding remarks
Though the notion that changes in the structure of production affect the income elasticities of imports and exports has been made explicit in some balance-of-payments-constrained growth models, the empirical literature dealing explicitly with this issue is quite scant. In this context, this paper contributed to the empirical literature on balance-of-payments-constrained growth dynamics by investigating the validity of a Multisectoral Thirlwall"s Law for a considerable panel data set of 90 countries over the period . Therefore, the value added of our contribution is the use of disaggregated trade data in conjunction with modern panel data econometric techniques to obtain sectoral empirical estimates on the balance-of-payments constraints to long-run economic growth for an unprecedently large sample of countries.
After the estimation of the sectoral exports and imports demand functions, the validity of the Multisectoral Thirlwall"s Law was evaluated by both a non-parametric analysis and a regression test. Despite varying among income level groups of countries the correspondence between the actual growth rates and those predicted by the Multisectoral Thirlwall"s Law (which does not include terms of trade and capital flows) nonetheless resulted in low prediction errors and average absolute deviations. Moreover, the difference between the estimated regression line and the 45 degree line was found to be not statistically significant.
As a result, we could not reject the validity of the Multisectoral Thirlwall"s Law in the large panel data set used in this paper, which provides further understanding of the determinants of the uneven international development related to the external competitiveness reflected in the sectoral income elasticities of exports and imports.
Besides, the novel empirical results obtained in this paper have relevant policy implications in so far as they provide guidance for the design of growth-enhancing structural policies. In fact, as catching-up countries must pursue supply-side policies to alter the structure of production, the estimated sectoral exports and imports demand functions can be used to guide the design of effective sectoral balance-of-payments-constraint-alleviating strategies such as import substitution and export promotion. After all, a major implication of the multisectoral balanceof-payments-constrained growth model estimated here is that changes in the composition of demand or in the structure of production which are not reflected in changes in income elasticities of exports and imports, but come through changes in the share of each sector in aggregate exports or imports, also matter for economic growth in the long run. Given the income elasticities of imports and exports, the original Thirlwall"s Law implies that a country"s growth rate will rise only in case the growth rate of income outside it rises, whereas the Multisectoral Thirlwall"s Law implies that a country can still raise its growth rate even in case such a rise in the growth of outside income does not occur, provided it can manage to change the sectoral composition of exports and/or imports conveniently. Clearly, how effective in this respect are trade, industrial and technological policies intended to stimulate and/or protect specific domestic sectors, for instance, is a public policy issue which must be addressed by means of a multisectoral approach. 
Appendix 1 -Estimation Results of the Sectoral Elasticities
